Euclid is a future space-based mission that will constrain dark energy with unprecedented accuracy. Its photometric component is optimized for Weak Lensing studies, while the spectroscopic component is designed for Baryon Acoustic Oscillations (BAO) analysis. We use the Fisher matrix formalism to make forecasts on two quintessence dark energy models with a dynamical equation of state that leads to late-time oscillations in the expansion rate of the Universe. We find that Weak Lensing will place much stronger constraints than the BAO, being able to discriminate between oscillating models by measuring the relevant parameters to 1σ precisions of 5 to 20%. The tight constraints suggest that Euclid data could identify even quite small late-time oscillations in the expansion rate of the Universe.
I. INTRODUCTION
The first evidence for an accelerating Universe was uncovered in 1998 through the luminosity distance-redshift relation obtained for type Ia Supernova [1, 2] , and has been consistently corroborated by subsequent observations [3, 4] . This phenomenon rapidly became one of the most intriguing problems in modern Cosmology. Since then, there have been many solutions proposed and some have survived the increasingly tight constraints imposed by observational data and are planned to be analysed by Euclid 1 data [5] . Among those solutions, which include changes to the left-hand side (or the geometry/gravity part) of Einstein's field equations, as in modified gravity (f (R)) theories [6, 7] , or the introduction of extra spatial dimensions, as in braneworld models [8] , one of the most popular assumes the existence of an exotic form of energy in the Universe, characterized by a negative pressure, known as dark energy. If it exists, then presentday observations suggest it accounts for approximately 75 per cent of the Universe's total energy density, and its pressure-to-density ratio (known as the equation of state, w) is nearly constant with time and close to −1 [9] [10] [11] [12] (see Ref. [13] for more details). If future observations continue to point towards a value of w near −1, then the hypothesis of the dark energy being in the form of a cosmological constant, Λ, will gain strength, demanding for more insight on the theoretical problems raised by such a scenario (see Ref. [14] for a review). But it is also conceivable that observational data will become more easily reproducible with a value for w close to, but not exactly equal to, −1, opening the door for alternative hypothesis, such as quintessence theories.
In quintessence theories, the dark energy is assumed to be the result of a scalar field, φ, minimally coupled to ordinary matter through gravity. The field evolves in a potential V (φ) with a canonical kinetic term in its lagrangian, which results in a dark energy equation of state w ≥ −1, not necessarily constant. These models have already been extensively studied [15] [16] [17] [18] and, usually, it is assumed that the evolution of the scalar field is monotonic in a potential that satisfies the typical inflationary slow roll conditions (see Ref. [19] for a review on inflation), as given by:
Under these conditions, the dark energy equation of state will always be close to −1, and the motion of the field becomes greatly simplified [20] , allowing for an analytical expression for w as a function of the scale factor a. The motion of the field will also depend on the present-day values of w and of the dark energy density, Ω φ , where Ω φ is the ratio of the dark energy density, ρ φ , to the universe's critical density, ρ c .
However, the inflationary slow-roll conditions need not necessarily apply to quintessence models. This opens up the possibility of complex scalar field dynamics, allowing for a more dynamical evolution of the dark energy equation of state, while still being on average close to −1. Here we will be particularly interested in scalar field models where late-time oscillations in the expansion rate of the Universe can arise due to non-standard scalar field dynamics. In this paper, we will focus on two scalar field models for which such behavior is possible. Model I assumes a quadratic potential, where an extra degree of freedom, related to the curvature of the potential at the extremum, is introduced on the evolution of the scalar field [21] [22] [23] . More specifically, we consider only the case where the curvature of the potential is such that it enables the field to oscillate around the stable extremum [22] .
In the case of Model II, we consider power-law potentials where the minimum is zero. When the scalar field is close to the minimum, oscillations begin, and an effectively constant equation of state arises, averaged over the oscillation period (see [24] [25] [26] and references therein). In particular, we consider the case where the field starts evolving monotonically, and only close to today it starts oscillating around the minimum, guaranteeing that the observed cosmic history is not significantly affected [27] .
In Sec. II, we review the dynamics of quintessence models and briefly present those on which we focus our attention. Then, in Sec. III, we present the main objectives and properties of the Euclid mission, and discuss the Fisher matrix formalism that will be used to forecast both the Weak Lensing and BAO constraints. In Sec. IV, we determine the fiducial values for the parameters of each quintessence model, using the most recent data available from the Supernova Cosmology Project, and then use the Fisher matrix formalism to determine to what accuracy Euclid will be able to constrain the parameters of the considered quintessence models. In Sec. V, we present some final remarks, establishing a comparison between our results and those obtained for the usual dark energy linear parameters w 0 − w a . Throughout the paper we shall assume the metric signature [−, +, +, +] and natural units of c = = 8πG = 1.
II. QUINTESSENCE MODELS
The action for quintessence is given by
where R is the Ricci scalar, L m and L φ are, respectively, the matter and scalar field lagrangians. The field's lagrangian takes the form
where V (φ) is the field's potential. The energy-momentum tensor of the field is determined by varying the field's individual action with respect to the metric elements g µν , yielding
The line element for a flat, homogeneous and isotropic Universe is given by the Friedmann-Robertson-Walker (FRW) metric:
where a is the scale factor, t is the physical time and x, y and z are the spatial comoving coordinates. Using the FRW metric, and assuming that the field depends very weakly on the spatial coordinates, the quintessence energy density, ρ, and pressure, p, are given by
where the dot represents a derivative in order to the physical time t.
As for the dark energy equation of state, w, it will be given by
This equation shows that, in order to have a dark energy equation of state close to −1, the field's evolution has to be potential dominated, such thatφ 2 << V (φ). This is why, generically, quintessence models are associated to scalar fields slowly evolving in the respective potentials. This can be ensured, for instance, by the slow-roll conditions given by equations (1) and (2) .
The scalar field equation of motion is given by the Euler-Lagrange equation
Through this equation we can see that the field will evolve in the potential V (φ) rolling towards a minimum in the quintessence potential, while its motion is damped by the presence of the Hubble parameter, H. Considering a flat Universe, with the FRW metric, the Hubble parameter, as a function of the scale factor a, is given by
where ρ T is the Universe's total energy density. We will be considering a Universe consisting of pressureless matter and a scalar field playing the role of dark energy. This implies that ρ T = ρ m + ρ φ . As a function of the scale factor, ρ m = ρ m0 a −3 , where ρ m0 is the present-day value of the matter density; the field's energy density will be given by ρ φ in Eq. (7) . In a flat Universe, the presentday value of the matter energy density is determined by Ω m0 = 1 − Ω φ0 , where Ω m0 and Ω φ0 are the ratios of the present-day values of the matter and dark energy densities to the critical density, ρ c .
A. Model I
The first model we consider is that of a scalar field rolling close to a stable non-zero minimum of its potential. The field is assumed to evolve in a potential that satisfies the slow-roll condition of equation (1), while the other slow-roll condition is somewhat relaxed since (1/V )d 2 V /dφ 2 can be large, namely as a result of the curvature at the potential's minimum. This model was extensively studied in [22] , where a set of solutions for the evolution of the field was derived, as well as the respective equation of state, w(a), as a function of the scale factor a. These solutions are applicable to a wide array of potentials with non-zero minima, and depend on the present-day values of w and Ω φ , and on the curvature of the potential at the minimum, controlled by the parameter K 2 . The latter is given by equation (19) in [22] , which we reproduce here:
where V (φ ), each prime representing a derivative with respect to the scalar field, and V (φ ) are, respectively, the curvature and potential values at the minimum of the potential, φ . The latter corresponds to the presentday value of the dark energy density, V (φ ) = ρ φ0 . For this model we have V (φ ) > 0, which means that
There are three cases of interest:
The limiting case of K 2 → 1, therefore with zero curvature, was considered in [23] where it was shown that w decreases monotonically with a, a behavior qualitatively similar to that obtained for w(a) in [20] and [21] for a quintessence field in a nearly flat potential and a scalar field rolling near a local maximum of the potential, respectively. For 0 ≤ K 2 < 1, the behavior of w(a) also consists of a slow and monotonic increase in w.
In the case of K 2 < 0, the behavior of w(a) is oscillatory, and can be analytically approximated through a combination of sinusoidal functions [22] . For this to happen, we need to have V (φ )/V (φ ) > 3/4, requiring the potential to be significantly curved at its minimum. Here, we won't be using the analytical approximation for w(a) derived in [22] , but instead calculate w directly from equation (8) by numerically solving equation (9) as a function of a. This will depend on three parameters: Ω φ0 , K 2 and the initial value for the field, φ i . The field's initial velocity,φ is assumed to be zero, which determines the initial value of the equation of state to be −1. Also, we will be assuming a quadratic potential, such that
where V 2 is the curvature at the minimum, determined by Fig. 1 we show examples of the evolution of w(a) for different values of K 2 , with Ω φ0 and φ i kept fixed, and H 0 = 70 km s −1 Mpc −1 . We can see that w evolves monotonically for K 2 = 0. As the value of K 2 becomes negative and increases in absolute value, the potential becomes more curved at the minimum, and w exhibits a more dynamical behavior. For these negative K 2 values, the field is actually able to significantly overcome the Hubble friction term and cross the potential's minimum, oscillating around it with decreasing amplitude. This is reflected in the equation of state in the form of maxima with decreasing amplitude located between points where the field's motion comes to a halt, which happens when the field reaches the maximum height it possibly can on the potential. As the curvature at the minimum of the potential, and thus K 2 , gets larger, the oscillatory behavior becomes more evident, due to a decrease in the amount of time required to complete a full oscillation about the minimum. However, note that if φ i = 0, then, whichever values the other parameters might take, no oscillations occur, and the field effectively behaves as a cosmological constant.
B. Model II
The second model we consider is that of a scalar field oscillating around zero, with a potential of the form [27] 
This potential is very flat for small field values, acquiring a quadratic form for large field values, so that
The scale m determines the curvature of the potential at the minimum, V (0), whereas the scale M determines where the potential changes shape and enters the quadratic region, where the field will eventually oscillate. This model allows, if certain conditions are met, to have a field slowly-rolling until recently and then present some oscillatory behavior close to the present. It has been show that for a power-law potential, V (φ) ∝ |φ| n , one obtains w = (n − 2)(n + 2) when averaged over the oscillation period, T , as long as it is much smaller that the Hubble time, i.e., T << H −1 [24] [25] [26] . Therefore, in the oscillatory region (φ << M ) of the potential being considered, w should average to zero, because we then effectively have V (φ) ∝ |φ| 2 , i.e. n = 2. This means the scalar field would then be behaving like pressureless matter, which goes against the need for having a negative pressure component to drive the cosmic acceleration. However, this model can be fine-tuned so that the oscillatory region of the potential is reached close enough to the present that the predicted large-scale dynamic of the Universe does not deviate much from that expected in a model where it is the presence of a cosmological constant that makes the Universe accelerate [27] . This fine-tuning can be achieved if the parameters of the model being considered take values around Ω φ0 = 0.75, m/H 0 = 1130.6, with H 0 being the present-day value of the Hubble parameter, M = 0.002 and φ i /M = 23.7, where φ i is the initial value of the field. In this particular realization of Model II, the oscillatory behavior only starts around a = 0.8, avoiding the appearance of the gravitational instabilities that [28] have shown to be a problem for early rapidly oscillating models with a negative averaged equation of state.
In Fig. 2 we show two examples of the evolution of w in Model II, for M = 0.0018 and M = 0.0022, with H 0 = 70 km s −1 Mpc −1 and all other parameters fixed by the ratios mentioned in the previous paragraph. For larger M , one would expect the field to enter the quadratic region of the potential sooner, meaning oscillations should start at a lower value of a. However, because the ratio φ i /M is kept fixed, an increase in M will lead to a proportionally larger φ i , which by itself would lead to a delay in the start of the oscillatory period. In fact, it is the change in φ i which has the largest impact on the value of a at the beginning of such period, given that, as Fig. 2 shows, increasing M leads to a lower value of a at the start of the oscillatory period. Before entering this period, the field's evolution is quite similar in both cases, slowly rolling down the potential with w almost indistinguishable from −1. As the field enters the quadratic region, it starts to oscillate ever more rapidly around the potential's zero minimum. We will then have w varying between ±1, with a constant averaged value of 0. Thus, the field in effect starts behaving like pressureless matter, with its energy density decreasing as a function of a −3 . And, since V (φ) = ρ φ when the field reaches its maximum height on the potential during an oscillation, the field's oscillation amplitude should decrease with a −3/2 .
III. EUCLID
The Euclid mission is a medium-class space mission expected to be launched by the European Space Agency in 2020. Its main objective is to help better constrain the large-scale geometry of the Universe and nature of the dark energy and dark matter components of the Universe. More specifically, Euclid aims to enable the measurement of the dark energy parameters w 0 and w a with 2% and 10% accuracy, respectively [29] . These parameters characterize the dark energy equation through [30] 
where w 0 is the present-day value of w. The specifications of Euclid were defined so that its main scientific objective can be achieved using the information contained in the Baryonic Acoustic Oscillations (BAO) present in the matter power spectrum and in the Weak Lensing (WL) features of the large-scale distribution of matter [29] . The two cosmological probes will rely mostly on Euclid's wide survey, although they will require substantially different sets of data: spectroscopic for BAO and photometric for WL. The Euclid wide survey will cover an area of at least 15000 deg 2 , restricted to galactic latitudes |b| > 30 o , and will be able to measure the shapes and redshifts of galaxies up to a redshift of z ≈ 2, with a median redshift of approximately 1 [29] .
A. Baryonic Acoustic Oscillations
In the early stages of our Universe, before the recombination era, its composition consisted of a dense and hot plasma where photons and baryons were coupled. This primordial plasma struggled between the possibility of a gravitational collapse and the repulsion of the outward electromagnetic and kinetic pressures. These two competing effects led to the formation of acoustic waves in the photon-baryon fluid, whose signature is still imprinted both in the cosmic microwave background radiation (CMB) and in the large-scale distribution of matter (BAO). Namely, a series of peaks in the CMB angular power spectrum and in the galaxy power spectrum, with a characteristic scale, the sound horizon at recombination, s, which can be accurately measured using present CMB data, such as that acquired by WMAP [31] . Its identification, both in the transverse, y, and radial, y , directions using the galaxy power spectrum, then allows the comoving distance, χ(z), and the Hubble parameter, H(z), as a function of redshift, to be constrained, given that [32] 
and
In order to assess the constraining power of the BAO method applied to Euclid's spectroscopic survey with respect to the parameters that will be varied in the two quintessence models we are considering, we will use the iCosmo software package [33] to determine the Fisher matrix associated to this survey. The Fisher matrix is a useful tool for planning future observations, as the diagonal elements of its inverse indicate the best possible constraints that can be achieved for the assumed free parameters, according to the Cramer-Rao theorem [34] . The Fisher matrix associated with the BAO method, when the available information allows for the estimation of the two characteristic acoustic scales y and y , is given by [35] 
where the sums run over the observational bins at different redshifts z, p α represents the parameter with respect to which the partial derivative is taken, while x and x represent the relative errors associated to the measurements of the transverse and radial scales, respectively. We note that iCosmo uses the analytical approximation of [36] to evaluate the expected accuracy of an experiment's measurement of the BAO scales.
In our calculation of the constraints imposed on the free parameters of the two quintessence models being considered, using the BAO method, we assumed the galaxy redshift distribution of Euclid's spectroscopic wide survey to be that in [37] , for a limiting flux of 3 × 10 −6 erg s −1 cm −2 . We also assumed a median redshift of 1.1, a redshift measurement error of ∆z = 0.001(1 + z) and a redshift range of [0.4, 2.2] distributed over 14 redshift bins, following [29] .
B. Weak Lensing
Weak Lensing is a subtle gravitational lensing effect, caused by the slight deflection of the light emitted by distant galaxies due to the existing matter distribution along their line of sight. This will lead to changes in the perceived galaxy shapes. For instance, a galaxy that is intrinsically circular could appear to us as elliptical. Such type of distortion can be approximated to first order through a simple matrix transformation [38, 39] 
The components γ 1 and γ 2 form the complex shear, equal to γ 1 + iγ 2 . A positive γ 1 stretches the image along the x direction and compresses it on the y direction, γ 2 has the same effect, but respectively along the y = x and y = −x directions, while κ is the convergence, measuring the dilatation or contraction of the observed image. The pair of coordinates (x 1 , y 1 ) and (x 2 , y 2 ) denote points on the observed image and on the source, respectively. The magnitude of the lensing signal depends both on the amount of matter along the line of sight, and on the distances between the observer, the lens and the source. This makes weak lensing ideal for measuring the Universe's mass distribution and geometry and, therefore, for constraining cosmological parameters, such as those that can be used to characterize the dark energy. We again use the iCosmo software [33] to forecast the constraining power of Euclid's WL survey with respect to the parameters that will be varied in the two quintessence models under consideration. Euclid will use a weak lensing technique known as tomography: the galaxies in Euclid's wide survey will be divided into separate (photometric) redshift bins, with the two-point correlation function of the shear field computed by looking at the shear patterns in each bin and between different bins. The corresponding cross-power spectrum between bins i and j characterized through the coefficients C ij (l), where l is the order of the multipole moment. The Fisher matrix associated with weak lensing tomography is then given by [33, 40, 41] 
where again p α represents the parameter with respect to which the partial derivative is calculated, and f sky is the fraction of the sky covered by the survey. The covariance matrix, [C l ] −1 ij , for a given l for the i − j bin pair, can be written as [40, 41] [
where γ int is the random mean-square intrinsic shear in one component, δ ij is the Kronecker symbol and N g is the number density of galaxies in the i-th bin. The coefficients that characterize the shear cross-power spectrum between redshift bins i and j, C ij (l), are given by [40] [41] [42] 
where only the Fourier modes with l = kχ are assumed to contribute to the integral. W (z) are window functions (also known as lensing efficiency functions), dependent on geometric factors, and P δ is the three-dimensional matter density power spectrum at redshift z, which depends on how fast is the growth of the density perturbations in the matter distribution.
Assuming that the Universe contains only photons, baryons, cold dark matter and a quintessence scalar field, as long as this last component does not dominate the total energy density of the Universe at early times, namely before recombination, the Eisenstein & Hu transfer function [43] can be used to determine the power spectrum of the initial matter density perturbations. In order to infer the non-linear corrections to the evolving linear power spectrum, we used the HALOFIT model [44] , although this may lead to some loss of precision in our results since, as showed in [45] , use of the HALOFIT model in dark energy models with evolving w requires suitable corrections if one is interested in an accurate estimate of the non-linear corrections to the linear power spectrum.
Following [29] , we assume the Euclid weak lensing photometric survey will measure the shape of over 2 billion galaxies at a median redshift of 0.9, covering a redshift range between 0 < z < 2 distributed over 10 redshift bins in a 15.000 deg 2 sky. For calculation purposes, the assumed number of galaxies per arcmin 2 is 30. The galaxy redshift distribution is expected to be close to that given by the analytical formula of [46] , with parameters α = 2 and β = 1.5 [40, 41] . The photometric redshift measurement error is assumed to be ∆z/(1 + z) = 0.05, while γ int was taken to be 0.22 [41] . The multipole range used in the analysis is limited to max = 5000 to minimize the effects of baryonic feedback on the power spectrum [47] .
We should point out that, in our calculations, we have neglected the effect of intrinsic alignments. Hence our forecasts are optimistic in that sense.
IV. RESULTS
In this section, we present the results for Euclid's expected constraints on the parameters of the quintessence models under consideration. Given that there aren't a priori theoretically preferred values for these parameters, we will set their fiducial values to those that maximize the joint posterior probability distribution of the parameters given the most recent data available from the Supernova Cosmology Project (SCP) [48] .
A. Fiducial parameter combinations
Supernovae type Ia are standard candles, since they reach essentially the same luminosity at their peak brightness. The ratio of this constant peak luminosity to the measured flux is proportional to the luminosity distance squared. If we also know the redshift at which a supernova occurs, we can then determine the relation between co-moving distance and redshift, which carries information on all the cosmological parameters that affect it. Namely, those that characterize the quintessence models we are considering.
Assuming that, in each of the quintessence models being considered, all possible values for the free parameters have equal prior probability, then the joint posterior probability distribution of the parameters for each model is proportional to the likelihood of the most recent SCP data. This is provided as
where z, m and M are, respectively, the redshift, (measured) apparent and (assumed) absolute magnitudes of the observed supernovae. The quantity µ(z) is related to the cosmology-dependent luminosity distance, d L (in parsecs), through
Given that the uncertainty associated with the SCP estimates of µ(z) is assumed to be well characterized through a Gaussian probability distribution, the likelihood of the most recent SCP data is then proportional to the exponential of −χ 2 /2, where [49]
. (25) with the µ i (z i ) and E −1 representing, respectively, the SCP data and the inverse of its covariance matrix, which includes systematic uncertainties. The f i (z i , p) are the theoretically expected values for the µ i , assuming the measured redshift z i and the set of parameters p for the model f to be true.
For the Model I, we have allowed Ω φ0 , φ i and K which we will henceforth take to be our fiducial model parameter sets. We will also always assume to be working on a spatially-flat Universe, thus Ω m0 = 1 − Ω φ0 , where the power spectrum of primordial adiabatic Gaussian matter density perturbations is approximately scaleinvariant n s = 1, the abundance of baryons is taken to be 0.045 and the present-day amplitude of the matter density perturbations smoothed on a sphere with a radius of 8 h −1 Mpc is equal to σ 8 = 0.8, motivated by the WMAP-7 results [13, 31] . Fig. 3 shows that the recent evolution of the Hubble parameter, H, as a function of redshift z, for the models we have been considering and assuming the fiducial parameters, does not deviate much from the ΛCDM case.
B. Confidence Regions for Euclid
Using the results of last section, we forecast the constraining power that the Euclid mission will have on the models analyzed in this work. For that, we have used the software iCosmo [33] , using as input the fiducial values defined before and leaving all other parameters with their default values. We then marginalized over the non interesting parameters and obtained the two dimensional 68% and 95% confidence regions, which we plot here, alongside with the one dimensional distribution for each parameter of interest.
The first figure we present here, Fig. 4 , shows the expected 68% and 95% confidence regions obtained for the two quintessence models analyzed in this work, when the Weak Lensing method is applied to Euclid's photometric survey. It is clear that through this survey it will be possible to place tight constraints on these particular quintessence models.
On the other hand, Fig. 5 , shows the forecasted confidence regions for both models when the BAO method is applied to Euclid's spectroscopic survey. It is clear that through this survey it will not be possible to place as tight constraints on these particular dark energy models as by applying the Weak Lensing method to Euclid's photometric survey, given that the confidence regions are now much wider around the central values of the parameters.
In the case of Model I, a clear negative correlation is found between the preferred values for K 2 and φ i , using both the WL and BAO data. This is expected given that a more negative K 2 would lead to earlier oscillations in the quintessence field, which could be prevented by choosing higher values for φ i . However, interestingly, the relationship between Ω φ0 and K 2 (as well as φ i ) changes whether its the WL or the BAO data that it is being considered: a positive (negative for φ i ) correlation for the first type of data becomes negative (positive for φ i ) for the second type of data.
In the case of Model II, there is a positive correlation between the two parameters. In general, the oscillations in the field start sooner both for larger M and Ω φ0 . However, fixing the ratio φ i /M , to keep the start of the oscillatory period roughly constant, produces the opposite behaviour as discussed earlier on. Hence, an increase of M (and the corresponding decrease of φ i ) are compensated by a larger Ω φ0 producing thus a positive correlation.
Lastly, Fig. 6 , shows the forecasted confidence regions for both models arising from the combined application of the Weak Lensing and BAO methods to the Euclid wide survey. As expected, the combination of the constraints obtained through the two methods considered does not show a great improvement over those resulting from applying just the Weak Lensing method. Tables I and II 
V. CONCLUSION
In this paper we considered two quintessence models and determined the expected constraints that the future space mission Euclid will be able to place on them. The chosen models have the particular feature of predicting recently oscillating equations of state, in opposition to the current paradigm of ΛCDM , for which the equation of state takes a constant value of −1 throughout cosmic evolution. In order to obtain plausible fiducial values for the parameters of the models, we have used the most recent data available from the Supernova Cosmology Project. We performed a statistical analysis, whereby the parameters were allowed to vary within plausible a priori intervals, so that the combination that maximized the joint posterior of the parameters, given the Supernovae data, could be estimated. As expected, in both cases we obtained fiducial values for the parameters that lead to an overall expansion history for the Universe quite similar to that of ΛCDM , although the recent evolution of the equation of state in both models is very different with respect to the ΛCDM case.
Then, using the software iCosmo, we have obtained the expected constraints one will be able to place on the quintessence models considered, around the assumed fiducial values, using Euclid data. We concluded that, while applying the Weak Lensing method to Euclid's photometric survey it will be possible to place tight constraints on these models, the BAO method applied to Euclid's spectroscopic survey per se will not allow that. In order for the latter to approach the constraining power of the former, one will have to consider the full information contained in the spectroscopically-derived matter power spectrum, P (k), including its full shape, amplitude and redshift distortions, as suggested by forecasts for Euclid using the w 0 − w a parameters for dark energy [50] . Our results agree with [51] , where several oscillating dark energy models were considered, and the conclusion reached was that those oscillations would probably be more easily detectable using Weak Lensing data, rendering this as, possibly, the best approach to constrain the type of models we have been considering.
